The purpose of this exploratory special issue study was to understand the hidden curriculum (HC), or the unwritten, unofficial, or unintended lessons, around the professionalization of engineering faculty across institutions of higher education. Additionally, how engineering faculty connected the role of HC awareness, emotions, self-efficacy, and self-advocacy concepts was studied. A mixed-method survey was disseminated to 55 engineering faculties across 54 institutions of higher education in the United States. Quantitative questions, which centered around the influences that gender, race, faculty rank, and institutional type played in participants' responses was analyzed using a combination of decision tree analysis with chi-square and correlational analysis. Qualitative questions were analyzed by a combination of tone-, open-, and focused-coding. The findings pointed to the primary roles that gender and institutional type (e.g., Tier 1) played in issues of fulfilling the professional expectations of the field. Furthermore, it was found that HC awareness and emotions and HC awareness and self-efficacy had moderate positive correlations, whereas, compared to self-advocacy, it had weak, negative correlations. Together, the findings point to the complex understandings and intersectional lived realities of many engineering faculty and hopes that through its findings can create awareness of the challenges and obstacles present in these professional environments.
Introduction
The goal of this research is to explore how engineering faculty understand hidden curriculum (HC) in higher education settings and their overall reactions and responses to the prevalence of HC in engineering. HC is defined as the unwritten, unofficial, unintended values, lessons, and perspectives that are present in an academic settings and work environments [1] [2] [3] [4] [5] [6] [7] [8] . Since the exploration of HC in engineering is very limited [4] [5] [6] , this special issue exploratory study aims to expand upon the existing knowledge-base about HC to elucidate the mechanisms that faculty use to internalize and communicate their thoughts on this phenomenon.
This study was conducted to help shed light on the lived realities of engineering faculties across several institutional types and is intended for different administrative entities, faculty, and students in Colleges of Engineering, in order to create awareness of the challenges and obstacles that many engineering faculty face. It is the hope of the authors that those who read this manuscript can be inspired to start a conversation about working together to develop healthy and equitable working environments for all.
Theoretical Framework

Hidden Curriculum (HC)
In school settings, curriculum can come in many forms: (a) formal curriculum; (b) informal curriculum; (c) null curriculum; and (d) hidden curriculum [7, 8] . The formal curriculum consists of a set of explicitly stated requirements (e.g., rubric) that serve as official guidelines for how to engage with and evaluate the quality of work of students and teachers [2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The informal curriculum consists of learning that occurs via personal interactions in the classroom or work spaces [7] [8] [9] [15] [16] [17] [18] . The null curriculum represents the elements that are not taught in a classroom due to mandates from higher authorities, a teacher's lack of knowledge or comfort-level about a topic, or stem from deeply ingrained biases and assumptions about a topic. For example, teaching genetics to introduce topics like evolution continue to be controversial topics that some educators in science classrooms opt to not discuss [19] . Hidden curriculum (HC) represents how particular assumptions, beliefs, values, or attitudes manifests themselves implicitly and inadvertently in schooling, learning, and professional environments [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
HC represents the implicit "attitudes, knowledge, and behaviors, which are conveyed or communicated without aware intent" ( [20] , p. 125). For example, if an instructor decides to not emphasize a topic for an exam, a student may perceive that this concept is not important to learn. Thus, HC functions at the unconscious, nonverbal spaces of the classroom [7, 8] and professional settings [15] [16] [17] [18] .
Similarly, in the classroom, students do not just learn what is being formally presented in the course but also collect other 'hidden' lessons in the process. It is believed that the human mind can process 80% of explicit information and content in an unconscious manner [7] . Over time, these explicit sources gradually slip beneath the realms of conscious reflection to become a norm that is part of a formalized system [7, 8] . Thus, the "space between the official and unofficial, the formal and the informal, the intended and the perceived" ( [7] , p. 35) becomes the realm where HC lies [1] [2] [3] [4] [5] [6] [7] [8] .
HC has been used in many disciplines including education, psychology, business, and medicine [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] as a strategy to uncover and predict potential issues, that if not attended on time, can lead to dire consequences (e.g., drop-out). While HC traditionally has been tied to negative issues, if used and attended to appropriately, can be used to yield opposite outcomes in students, staff, or faculty (e.g., higher performance; motivated learners and workers) [1] [2] [3] [4] [5] [6] [7] [8] .
To explore HC, researchers rely on metaphors, vignettes, counter-claims [2, 7, 11, 12, 14, 16] and ethnographic approaches [14] to robustly analyze the values, perspectives, and beliefs of individuals involved in a learning or working environment. Since HC is contextual and situational, there is also a need to explore these issues from a disciplinary and institutional standpoint as systematic and formalized rules and procedures can vary [1] [2] [3] [4] [5] [6] [7] [8] . From a more granular perspective, since HC can be very distinct, it is also important to consider how an individual processes internally these implicit cues [4] . To our understanding, no work has attempted to explore the latter, and in particular for engineering [4] .
HC Mechanisms for Engineering
This work builds upon an initial study from the authors calling for the need to explore more holistically and mechanistically how individuals collect and process these 'hidden' messages in learning and working environments (Villanueva et al., 2018) . Earlier work conducted by Authors [4, 21] suggested that HC can consist of 16 or more distinct factors to inform the processing of these 'hidden' messages although four of them appear more prevalent: (a) awareness; (b) emotions; (c) self-efficacy; and (d) self-advocacy [4, 21] . These will be explained more below.
Awareness of the Presence of HC
Awareness of the presence of HC is an important step for an individual to recognize and reflect upon what is being presented and what is being communicated within their surrounding environment [22] [23] [24] [25] . Recent advances in social and cognitive psychology, particularly in the area of metacognition (i.e., an individual's belief about their mental state) [26] has expanded our understanding about what constitutes consciousness [24, 25] . The term 'conscious' generally refers to a person directly seeing, knowing or feeling a particular mental content rather than having to indirectly infer upon it [23] [24] [25] . Awareness is a sub-component of consciousness where an individual recollects internally an experience and represents it externally (e.g., communication) [26] [27] [28] . Depending on the level of representation present, an individual can move into the realm of what is not cognizant (unconscious) or misrepresented (meta-consciousness) [24, 25] . Regardless of the level of awareness a person may have about an issue, these cannot be brought up to full consciousness unless they are internalized first.
Emotions to Guide HC Processing
Internalization of an experience typically occurs through an individual's emotions. Emotions assist individuals in narrowing down the variables that are of importance and guide individuals to make decisions for several scenarios [18] . Emotions are important to the learning and socialization process of individuals [29] and serve to explore the influences that several forms of subliminal stimuli can have in their communicated responses [24] . In academic settings, emotions consist of many coordinated processes that involve affective, cognitive, motivational, expressive, and peripheral subsystems that are intertwined [29] .
Emotions can be manifested in two forms: (a) valence (positive or negative emotions) or (b) activation (focused or unfocused energy). Positively activated emotions (e.g., enjoyment) may increase reflective processes [29] whereas negatively activated emotions (e.g., anger) may result in low levels of cognitive processing [29] .
Finally, emotions contribute to how a person learns, perceives, decides, responds, and problems solve [29] . In the context of HC, emotions can help cue to a person how 'hidden' spaces of expressions, glances, gestures, interest, frustration, and other similar observations become evident within a given context or environment [4, 21] .
Self-Efficacy Regulates Emotions
At the same time, emotions cannot occur unless a person believes that they are able to experience or allow oneself to experience emotions such as joy, anger, pride, etc. [30, 31] . Thus, self-efficacy or an individual's beliefs on their ability to ameliorate adverse emotional states [32] is believed to regulate emotions. To our understanding, no work has been conducted to explore how self-efficacy regulates emotions needed to process HC.
Self-Advocacy is Guided by Self-Efficacy
In turn, self-advocacy influences how an individual takes control over their own motivation, behavior, and social environment [33, 34] . As such, actions such as self-advocacy or an indication of a person's willingness to take action and speak up about a matter to improve their quality of life [35] cannot occur. To our understanding, no work has been conducted to explore how self-advocacy is guided by the self-efficacies that tie to emotions and HC awareness.
Integrating the Four Factors to Explore HC Mechanisms
Together, the authors posit that these four constructs can serve as a baseline by which to understand more holistically and mechanistically how an individual recognizes, reacts to, and gain abilities to execute control over their own learning or professional environment via HC. To our understanding, no research study has attempted to explore HC mechanisms nor in the context of engineering education. Both elements represent a novel approach towards achieving excellence in engineering education, the focal point of this special issue.
Professionalization in Engineering: A Type of Formalization of HC
Since HC involves the transmission of implicit messages in learning, teaching, and professional spaces [15] [16] [17] [18] 36, 37] , it is integral to understand how aspects of formalization [6, 7] could slip beneath the realms of conscious reflection to become a norm [7] . As with any profession, the origins of any career path was once guided by a set of beliefs, values, and attitudes that over time, became a norm [36] [37] [38] . These norms can be represented in many ways, but one prevalent form is professionalization [38] .
Within academia, the professionalization of faculty in higher education becomes the primary system by which lecturers, professors, and researchers rely on to understand how to navigate their academic environments [38] [39] [40] [41] [42] [43] . Abbott [39] suggests that professions, in general, carries three major traditions: (a) traits of professions like cultures (e.g., what professionals in this field represent, and whom they associate with); (b) establishment of a formal education (e.g., licensing and accreditation) [40] ; and (c) mechanisms to achieve and maintain a privileged position [41] . Thus, every professional discipline includes a different set of formalized norms and practices that uniquely characterizes their profession [38] [39] [40] [41] ; engineering is not the exception [44] [45] [46] .
Professionalization of engineering centers around the intent to constantly adapt to the "ever-changing needs of the market, the emergence of interdisciplinary projects, the increasingly complex social and systemic paradigms" ( [44] , p. 639). Ironically, the literature suggests that engineering education does not parallel this professional intent as its culture and environments have not changed in decades [45, 46] and effects due to these causes have resulted in a stagnant and severe underrepresentation of women and other underrepresented groups [47] [48] [49] [50] . Thus, it appears that HC may be present in some of these issues and discrepancies, particularly for teaching and learning spaces where faculty are at the center.
For this work, we will focus primarily on engineering faculty, as these individuals are uniquely positioned in their engineering learning environments to serve as change agents if issues of HC are identified. Additionally, since HC is contextual, it will be important to understand how values, beliefs, and attitudes may change based on the institutional type (e.g., Tier 1, Tier 2) as well as other categorical variables such as race, gender, and faculty ranks (e.g., lecturers, assistant professors, full professors). Thus, this work does not aim to put any processes of professionalization in a negative light but rather through faculties' approvals or disapprovals of the HC presented to them, provide a more rigorous and mechanistic understanding of potential issues that may be present in the education and professionalization of engineering.
Methods
The research project presented in this manuscript is part of a more comprehensive and extended mixed-methods research that explored the HC perspectives of engineering undergraduates, graduates, and faculty [4, 21] . For this study, we focused solely on engineering faculty, as through their voices, HC can be unveiled and more faculty can be positioned to serve as change agents for their students. All items in this study were conducted by adhering to ethical standards and treatment of human subjects as required by the Institutional Review Board (IRB) of the home institution of the first author.
Research Design
This work uses a complex, mixed-method experimental intervention design [51, 52] that incorporates a quasi-experimental quantitative design with qualitative data that is combined in a convergent manner. For this study, integration of the qualitative and quantitative findings of the design occurred in the data analysis and interpretation phases of the work [53] . Additionally, a primary emphasis was placed on the quantitative elements of the study (denoted by the higher caps, 'QUAN') and a secondary emphasis was given to the qualitative components of the work (denoted by the lower caps, 'qual') [51, 52] .
Research Questions
The three central hypotheses (H1, H2, and H3) for the QUAN elements of the study are:
H1. Engineering faculty will recognize HC in their fields regardless of race, gender, rank, and institutional type.
Rationale: Given that the literature points to the relatively stagnant culture of engineering [44] [45] [46] [47] [48] [49] [50] , it is possible that the cultural norms, beliefs, values, and attitudes continue to pervade regardless of other intersectional identities (e.g., race, gender).
H2.
Changes among institutional types (e.g., Tier 1 compared to Tier 2) will result in a decreased recognition of HC mechanisms among engineering faculty, regardless of race and gender, when counter-claims of the field of engineering is presented.
Rationale: Within institutions where tenure is a primary focus [38] [39] [40] [41] , professional elements such as research and teaching may make faculty more prone to experience the influences of HC.
H3.
Changes among professional faculty ranks (e.g., lecturer versus associate professor), regardless of race, gender, and institutional type will result in an increased presence of HC mechanisms among engineering faculty when counter-claims of the field of engineering is presented.
Rationale: In parallel to the institutions' research focus, faculty responsibilities may be more geared towards research [38] [39] [40] [41] and these focuses on their professions may lead to a higher internalization of HC.
The main research question (RQ) used for the qual portions of this work was:
RQ1.
What are the central messages around the professionalization of engineering that the faculty convey?
Participants
The participants were 55 engineering faculty, out of 393 total participants that included undergraduates, graduates, postdocs, and faculty [4, 21] , working or studying across 54 higher education institutions in the United States and Puerto Rico. The breakdown of the institutional types assessed and regions are summarized in Table 1 . Note that while Carnegie classification was used as a guide to label the institutional types [54] some were clustered (e.g., community colleges) to allow for statistical comparisons among the groups. Additionally, to protect the anonymity of the participants, no institution name was included. Participants were recruited using purposeful sampling [55, 56] through email and posts on social media channels connected to engineering professional organizations (e.g., Society for Women Engineers, Society of Hispanic Professional Engineers, and American Society of Mechanical Engineers) as well as LinkedIn and Facebook. The inclusion criteria were: (a) current engineering faculty member at a higher institution in the United States; and (b) response to our call. The exclusion criteria were: (a) retired faculty in engineering; (b) engineering faculty who were not in an institution of higher education in the United States; and (c) practicing engineers in industry. For the latter, we had some international individuals and engineers from industry who responded to the survey but, due to the nature and scope of the work, these were excluded from analysis.
A summary of the ranks (e.g., lecturers, assistant professors) of the engineering faculty participants are described in Table 2 . Note that adjuncts and lecturers were considered one type of rank as their primary roles are teaching and not research. Furthermore, a racial and gender breakdown of the engineering faculty participants are summarized in Tables 3 and 4 , respectively, as we were interested in understanding if individual intersectional identities based on race and gender could influence these HC mechanisms differently. Note that some of the faculty self-reported as being multi-racial as shown in Table 3 . 
Survey Items
The survey items to be discussed in this manuscript are part of a larger survey, whose validation process was discussed elsewhere [4, 21] . The validated instrument consists of 10 demographic questions, 24 Likert-scale items (six items per sub-scale: awareness, emotions, self-efficacy, and self-advocacy) and five qualitative questions about participants' views about engineering and HC in engineering and a video vignette. The full instrument has a Cronbach alpha score of 0.70 and sub-scale scores of 0.70 for HC awareness, 0.71 for emotions, 0.82 for self-efficacy, and 0.84 for self-advocacy [21] .
The video vignette was created from a systematic review of the engineering education literature before its creation and inclusion in the survey as described elsewhere [4, 21] . To summarize the video briefly, the content exposed participants to the dynamics involved during an engineering course preparation by two instructors and the interactions in engineering classrooms between students and these two faculty members. Video elicitation was used as a social science technique to garner participant awareness about a topic [21, 57] . In this video, issues of gender dynamics and race were highlighted as the literature suggests a severe underrepresentation of these groups in engineering [44] [45] [46] [47] [48] [49] [50] . Furthermore, it is important to mention that while the video may have appeared biased at a glance, the video was representative of a systematic synthesis of the literature (written in script form) of the primary cultures and environments of engineering education [44] [45] [46] [47] [48] [49] [50] .
Since rigorous analysis of HC requires strategies built upon counter-claims [7] , the topics and scopes selected for the video were deemed appropriate to the scope of the work and its fictitious nature was indicated to the participants. The video also went through a rigorous process of validation before it was added to the instrument [21] and its final Cronbach alpha score was found to be 0.87 across the original 393 participants [21] . In a similar vein, the HC statements selected for this instrument represented the video closely as well as the systematic review of the engineering education literature [4, 21, [44] [45] [46] [47] [48] [49] [50] . The full instrument and video links are expected to be released in the near future.
Based upon prior findings and throughout the survey validation process, the authors found that many participants could not recognize HC [21] . As such, it was deemed necessary to carefully place the items of the survey in a way that participants could recognize and reflect upon the HC sub-scales to minimize any potential "mental shortcuts" they may have used to make sense of a new concept or phenomenon ( [58] , p. 4). Additionally, since framing has an influence over the interpretation of meanings and its connections to ideas and beliefs [58] , the research team wanted to make sure its placement would minimize potential variations in the understanding of this phenomenon amongst a diverse set of populations [21] .
To summarize and for the purpose of this special issue exploratory study, the survey participants were part of the original participants needed for this survey validation. Participants who took this version of the survey saw the following sequence: (a) demographic questions; (b) qualitative questions; (c) video vignette; (d) video character question; (e) HC awareness questions; (f) emotions questions; (g) self-efficacy questions; and (h) self-advocacy questions. This study focuses primarily on participants' responses to the last four sub-scales and the qualitative questions.
Since HC requires that participants recognize the phenomenon [4, 21] , a definition of HC was provided based upon what has been identified in the literature [1] [2] [3] [4] [5] [6] [7] [8] . Furthermore, to facilitate faculty participants' understanding of HC, the terms "examples", "agree", "disagree", and "statement" were used in the framing of the question to convey to participants that they had a choice and opinion that was valued in their responses. A description of one of the sub-scales (HC awareness) is included in Table 5 . Table 5 . HC assumption statements used for this study.
Instructions:
Hidden curriculum (HC) refers to the unwritten, unofficial, and often unintended lessons, values, and perspectives learned in an academic environment. We identified the following six examples of the hidden curriculum in this video. Read each statement. Do you agree or disagree with each statement (Yes = I agree, this is HC; No = I disagree, this is not HC)?
HC #1
Senior faculty in engineering (e.g., tenured professor) deserve higher status, voice, and have more influence than engineering junior faculty.
HC #2
The ultimate goal of an engineering degree is to get a well-paying job.
HC #3
Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety.
HC #4 Not everyone can be an engineer.
HC #5
To belong to the engineering community, your personality must fit in with everyone else's (e.g., technically-driven, efficient, and assertive) HC #6 Engineering instructors care more about the technical concepts and equations rather than the individual student's success.
Note that for the other sub-scales (emotions, self-efficacy, and self-advocacy), the same six HC statements were used in an attempt to identify potential associations between the four factors. A summary of the presentation of the other sub-scales is provided in Table 6 . Table 6 . Modified summary of instructions and Likert-scale descriptions for the other sub-scales in the instrument for this special issue study.
Sub-Scales Instructions Likert Scale Response Description Emotions
What emotion would best describe your overall reaction to each statement (choose from the list)? Is this overall emotion positive or negative for you? You can also indicate if this emotion is both positive and negative, or neither one nor the other.
'1'-I felt positive about this statement '2'-I felt negative about this statement '3'-I felt both positive and negative about this statement '4'-I felt neither positive, no negative about this statement
Self-efficacy
Self-efficacy is your belief in your ability to succeed in specific situations or accomplish a task. Rate your confidence (self-efficacy) in succeeding if placed in a similar situation to the statements provided.
'1'-I am not at all confident that I can succeed in a situation similar to this '3'-I am somewhat confident that I can succeed in a situation similar to this '5'-I am very confident that I can succeed in a situation similar to this
Self-Advocacy
Self-advocacy is the ability to speak or act on your own behalf to improve your quality of life, effect personal change, or correct inequalities. Rate your willingness to advocate for yourself if placed in a similar situation to the statements provided.
'1'-I am not at all willing to advocate for myself in situation similar to this '3'-I am somewhat willing to advocate for myself in situation similar to this '5'-I am very willing to advocate for myself in situation similar to this
For the emotions sub-scale, participants were provided with a list of 17 emotions as recommended by Pekrun and colleagues [29] and DeCuir-Gunby and colleagues [59] . Additionally, one of the valence dimensions (positive/negative) was asked. The results of this study focus on the latter (positive/negative valence). Also, participants were given the choice to choose "neither" or "both" to convey the possible and complex nature of emotions to different contexts and situations [29] . For the self-efficacy sub-scale, participants were asked to rate their confidence in their ability to succeed if placed in a similar situation to the provided HC statement. Terms like "confidence" and "success" were emphasized to convey the definition provided as well as help them contextualize that HC may guide coping strategies based upon their individual beliefs and perceptions. Finally, for the self-advocacy sub-scale, terms like "willingness" and "advocate" were used to convey to participants that they are in full control of their actions and approaches to situations similar to the provided example HC statements.
Data Preparation and Analysis
QUAN Data Preparation
Pre-processing of data was first required to make it analyzable and to account for any missing values or text entries. All the blank spaces were filled by a category labeled as "No Response (NR)" accompanied by a numerical value. In a similar fashion, all other categorical responses, including demographic information (e.g., gender, race) were assigned a numerical value as shown in Table 7 . For quantitative analysis, the research team opted to use a new approach in their lab: advanced machine learning (AML). AML allows researchers to take a wide array of responses and using algorithms, develop an automated and unbiased way to identify the likelihood of an influence on participants' response [60] . For similar study designs to ours, AML has used small and extendable (not a static or fixed) datasets to help classify what factors and sub-factors are predominant among participant responses [60] .
It is important to note that although the dataset consists of only 55 participants, each participant yielded responses to four factors (awareness, emotions, self-efficacy, and self-advocacy) that were classified as six sub-factors (HC statements) and whose variations in sub-factor response (e.g., valence options; lists; Likert-scale entries) were different. As such, the nature of our dataset can be limited in its analysis through traditional statistical methods as oftentimes, these approaches are deficient in their ability to uncover the inter-relationships of varied dependent and independent variables [61] . Furthermore, through this technique, the researchers could consider in an unbiased and automated manner, how a wide array of intersectional demographics contributed to participants' responses. Hence, at a minimum, the dataset consisted of 24 independent factors/variables/features to analyze (e.g., 24 × 55 participants = 1320 minimum data points).
Within AML, a decision tree (DT) analysis was used [62] [63] [64] . DT was used in this study to understand the relational aspects between the factors, sub-factors, and specified categorical variables (i.e., gender, race, faculty rank, institution type). Decision trees include a feature (attribute), a link to each feature (branch), and a representative decision (rule) that represents an outcome (categorical or continuous value) [62] [63] [64] . For this study, a classification and regression tree (CART) algorithm was used to divide the factors, sub-factors, and variables to identify decision rules that can denote the relative importance or predominant influence of a variable. For CART, HC awareness consisted of six labels (v1-v6). Emotions had six labels starting from v7 to v12. In a similar fashion, variables are arranged for self-efficacy (v13-v18) and self-advocacy (v19-v24). A representative decision tree is shown in Figure 1 where the influence of gender over the factor HC awareness was found for the third (v3) and fourth (v4) HC example statements from [31] . The results show that POIs have great potential to characterize the intra-urban functions at fine spatial resolution and at a large scale [28] . The abovementioned studies generally focus on sensing the urban land uses (commercial area, residential area, and industrial area, etc.) based on POIs, yet few attempts have been taken to quantify ILU dynamics by integrating the industrial POIs, a typical category of POIs. Industrial POIs' coordinates can show the precise geographic location of industrial enterprises, while the names of industrial POIs can reflect specific industrial activities. Therefore, making full use of both the location and semantic information of POIs can help us understand the spatial patterns of ILU. This paper aims to improve public understanding of the spatiotemporal patterns of ILU. First, we introduce a natural language processing based method to mine the semantic information of industrial POIs and to identify the multiple ILU. Second, a two-step approach that integrates statistical analysis and hotspots detection is developed to quantify the spatiotemporal dynamics of ILU. The mega Hangzhou Bay region (MHBR), one of the most rapidly urbanizing and industrializing megalopolises in eastern China is chosen as our study area. We examine the ILU dynamics during 2005-2011 and 2011-2016, as the year 2011 is the time when the plan of industrial transformation and upgrading was published by the central government.
This study seeks to answer the following specific questions: (1) how is the size of different industrial land uses changing? And (2) where are different industrial land uses expanding or migrating? The analysis provides government officials with detailed information on industrial changes to aid in enacting integrated development plans. Recommendations and implications for regional industrial growth can also be obtained.
Study Area and Data Preparation
Study Area
The MHBR is located in Northern Zhejiang Province and Southeastern Shanghai (119°41′-122°28′ E, 29°42′-31°02′ N) (Figure 1 ). The total area of the MHBR is approximately 17,497 km 2 . It The DT example provided in Figure 1 shows how a decision tree works. In this example, a decision tree was used to identify the influence of gender on participants' responses to HC awareness. This yielded four leaves, known as decision rules, which for this example would be: These rules are then given a percentage value, which represents the predominance of the influence that a factor, sub-factor, or categorical variable had in participants' responses. In this example, 2.7% of the influence for the third HC statement ("Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety") presented predominant influences from participants who self-identified as male. The percentage breakdown of these rules are included in the results section of the manuscript.
Statistical Analysis
Informed upon the AML findings on the predominance of an influence of a given factor, sub-factor, or categorical variable, frequencies of responses were tabulated among the participants. These frequency counts were used to conduct a test of independence via chi-square analysis for the categories of race, gender, faculty rank, and institutional type.
Additionally, among the factors, association/correlation analysis was conducted on the R-squared values for each categorical response to find potential relationships. A best-fit line was run on each factor (e.g., HC awareness, emotions, self-efficacy, and self-advocacy) to see if there were positive or negative trends between each factor. Correlation coefficient values of 0.3 or less indicate weak correlations; values close to 0.5 indicated moderate relationships and above 0.7 indicate strong relationships. Positive or negative signs portrayed the directionality of the correlation [61] .
Qualitative Data Analysis: Qual
For the qualitative analysis of the survey, we used a method advanced by Loftland and colleagues [55] for social science framing. First, the researchers read through the written responses of all participants to understand the general tone of the responses. Next, each response was assessed line-by-line through open-coding [56] to identify themes and any possible question misunderstandings. Then, each written response was read a third time and focused-coding was conducted to identify distinct categories. These were then analyzed once more for interpretation, categorized into themes, connected theoretically, and the fit for each theme was assessed. For our analysis, added attention was paid to what could be identified or interpreted as an example of HC in from participants' personal narratives or additional experiences.
Researchers' Positionality
Each researcher in this work comes from a different background and has developed an epistemology specific to the fields of engineering (faculty and postdoctoral fellow), curriculum and instruction (faculty), and social science (assistant administrator). These perspectives helps provide a holistic understanding of the HC explored for this population. Each researcher has been privy to the influences that HC could have in their professional formation, as well as has experienced both the negative and positive influences of such. It is the hope of the research team that, by uncovering this HC, power dynamics can become more democratized within this field [4] .
Results
Quantitative Findings: QUAN
Presence of HC Mechanisms among Engineering Faculty
To answer the first hypothesis (H1), a frequency count of faculty responses were measured for the four sub-factors (awareness, emotions, self-efficacy, and self-advocacy). For HC awareness, all faculty were approximately equal among what they considered was an HC in their field or not (Table 8) . Among the statements identified as HC in engineering, were HC #1 ("Senior faculty in engineering (e.g., tenured professor) deserve higher status, voice, and have more influence than engineering junior faculty"), HC #4 ("Not everyone can be an engineer") and HC #6 ("Engineering instructors care more about the technical concepts and equations rather than the individual student's success"). Among the statements that faculty regarded as not being hidden curriculum were HC #2 ("The ultimate goal of an engineering degree is to get a well-paying job"), HC #3 ("Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety"), and HC #5 ("To belong to the engineering community, your personality must fit in with everyone else's (e.g., technically-driven, efficient, and assertive)"). A frequency count of the emotional valence (e.g., positive/negative) was tabulated for the participants as summarized in Table 9 . While most faculty participants reported having to experience negative emotional valence to the HC statements, a combination of positive emotions or neither was also self-reported. Among the statements, HC #6 ("Engineering instructors care more about the technical concepts and equations rather than the individual student's success") yielded the most negative emotions while HC #3 ("Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety") resulted in the most positive emotions. A frequency count of self-efficacy (e.g., confidence in the ability to succeed despite the HC) was tabulated for the participants as summarized in Table 10 . Most engineering faculty participants reported feeling very confident about their success despite the possible presence of similar scenarios to the HC statements. Particularly, HC #4 ("Not everyone can be an engineer") yielded the highest level of self-efficacy among participants. Among the lowest reported levels of self-efficacy, HC #1 ("Senior faculty in engineering (e.g., tenured professor) deserve higher status, voice, and have more influence than engineering junior faculty") and HC #2 ("The ultimate goal of an engineering degree is to get a well-paying job") were considered as having elements that would not enable them to succeed in these contexts. A frequency count of self-advocacy (e.g., willingness to advocate for HC) was tabulated for the participants as summarized in Table 11 . For the most part, engineering faculty were somewhat willing to advocate for HC, particularly for HC #1 ("Senior faculty in engineering (e.g., tenured professor) deserve higher status, voice, and have more influence than engineering junior faculty") and HC #4 (Not everyone can be an engineer"). Among the statements where the faculty were not at all willing to advocate was HC #3 ("Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety") and HC #2 ("The ultimate goal of an engineering degree is to get a well-paying job"). To answer the second and third hypothesis (H2 and H3), the predominance of an influence among participant responses were calculated using AML and DT, through relative importance of variable algorithms [62] [63] [64] . A summary of the predominance of an influence (in the form of percentages) is presented in Table 12 . The findings suggested that among the categorical variables, gender showed the highest influence among participant responses regardless of factor and sub-factor. For gender, the primary influences were found on HC #5 ("To belong to the engineering community, your personality must fit in with everyone else's (e.g., technically-driven, efficient, and assertive)") and HC #6 ("Engineering instructors care more about the technical concepts and equations rather than the individual student's success"). We also found that for all engineering faculty, closely similar trends of predominance was found for HC awareness and emotion across the six statements. These latter trends did not parallel faculty responses to the self-efficacy and self-advocacy items.
Among the highest influences for race found was HC #5 ("To belong to the engineering community, your personality must fit in with everyone else's (e.g., technically-driven, efficient, and assertive)") followed by HC #3 ("Engineering education is harder, more time-consuming, and expensive because it has a direct impact on safety"). For faculty rank, the primary predominant influences were found for HC #6 followed by HC #3. For institutional type, main influences were found for HC #4 ("Not everyone can be an engineer") and HC #6.
From the AML findings, a chi-square analysis was conducted between the pairings of the four categorical variables (gender, race, institutional type, and faculty rank). Findings revealed that gender and institutional types showed the greatest relationships overall (χ 2 = 18.422; df = 8; p < 0.05). To further examine these two relationships and since Tier 1 had a higher percentage of respondents, these values were removed to identify the relationships of gender to the other institutional types. The same process was repeated for the other institutional types until a ranking in influence (denoted by p-values under 0.05) was measured. Findings confirmed the predominant influence of gender was found among the Tier 1 institutions (doctoral-granting institutions with large research programs) followed by close second (Tier 4; masters-granting institutions; p < 0.05). Trailing behind were Tier 2, Tier 3, and Tier 5 institutions, respectively. For all other relationships (e.g., faculty rank versus institutional type; race versus institutional type; gender versus race; race versus faculty rank, etc.), no statistically significant relationships were found.
Among the factors, regression analysis was conducted between HC awareness and self-efficacy and HC awareness and emotions. Results were found to have a weak or moderate positive correlation (r = 0.28 for self-efficacy; r = 0.42 for emotions). HC awareness and self-advocacy revealed a weak negative correlation (r = −0.31).
Qualitative Findings: Qual
To answer the research question, a qualitative analysis of participants' written responses was conducted. These resulted in three recurrent themes: (a) professional expectations for engineering faculty; (b) sources of professional expectations; and (c) consequences of meeting professional expectations in engineering.
Professional Expectations for Engineering Faculty
Findings suggested that teaching, service, and research were the top categories that respondents listed for what expectations they felt were placed on them as faculty. In addition, all faculty described expectations of time commitment and availability as being important. Among the responses, faculty described the expectation of being "able to work whenever needed (nights, weekends, holidays)" (Respondent 41, Full Professor, Tier 5, Male, Hispanic), or "to have all time outside of class to be free and uncommitted" (Respondent 12, Assistant Professor, Tier 5, Male, Hispanic) to be at odds with their work/life balance (i.e., "high productivity, no work-life balance" (Respondent 28, Lecturer, Tier 5, Male, White)).
Broader educational goals that faculty were expected to deliver included providing a high-quality engineering education, conferring credentials only to the deserving students, and meeting the Accreditation Board of Engineering and Technology (ABET) criteria [65] . More specific qualities that engineering faculty were expected to have included problem-solving, attention to detail, good communication skills, ability to work in a team, and being self-critical.
Being able to solve an equation is good, but what is more important is to be able to see if the answer is correct or not, like finding a negative resistance in a circuit problem can be mathematically correct but practically inconsistent with real circuit. Self-criticism should be taught more. This is what I try in my classes.
(Respondent 18, Lecturer, Tier 1, Male, White)
Two faculty commented that a professional expectation is to "not ask many questions" (Respondent 19, Full Professor, Tier 1, Female, White) and "not create any problems" (Respondent 5, Associate Professor, Tier 5, Male, Hispanic) and that "mantras such as 'engineers provide solutions, not problems' " (Respondent 33, Full Professor, Tier 5, Female, White) are valued more among engineering departments.
Other faculty elaborated that among professional expectations, there are elements of advocacy and allies that are needed, especially when considering the experiences of women and underrepresented groups in engineering:
I am a woman and an immigrant. I am a first generation student. I often have not seen students and colleagues respect me. After I stood up for myself things have started to change. Other important features are having the right networks/allies to get stuff done, as well as identifying allies of the majority group to speak up as well. When a woman stands up and talks about gender bias issues being a problem, it's often not listened to as much as a man doing it.
(Respondent 48, Full Professor, Tier 1, Male, White)
Sources of Professional Expectations
Survey respondents identified several origins to these professional expectations but most notably from students, peers, and themselves. Specifically, when describing faculties' impression of student expectations, some respondents elaborated on their role in helping uncover HC in the classroom: "I may be the only influence on this topic [hidden curriculum] the students are exposed to regularly" Another theme that emerged was around how professional expectations from peers related to the intersectional identities of the faculty. One respondent said:
"As a woman in engineering, service is also expected of me more than my male colleagues. My female colleagues and I get asked constantly to do service, while our male colleagues are rarely asked (or, when they are on a committee, have no reservation about saying they are 'too busy' and 'having the women to do work')" (Respondent 47, Assistant Professor, Tier 1, Female, Black)
Others faculty indicated that they too recognize their roles as being a source of encouragement and mentorship for underrepresented peers:
As I mentioned before, we are still doing things the way they were done 100 years ago. Maybe this is why our enrollment of women and minority groups continues to be so low. I made an effort to recruit minority and women faculty. I mentored them and was successful in helping them to earn tenure. In turn, they have attracted a more diverse group of students. So, I have seen how paying attention to diversity pays off! 
Consequences of Meeting Professional Expectations in Engineering
Several respondents expressed that some of the consequences they experienced while meeting professional expectations in engineering lied in trying to keep a work/life balance: "I could work 24/7 and still never be caught up" (Respondent 47, Assistant Professor, Tier 1, Female, Black); "there is never a break" (Respondent 44, Full Professor, Tier 1, Female, White); and "all areas of concern are unrealistic even for the most dedicated faculty" (Respondent 17, Assistant Professor, Tier 1, Female, White).
Thirty respondents stated that meeting the expectations of being a faculty member led to personal consequences, such as exhaustion and frustration. On the other hand, four faculty members elaborated that they do not feel meeting expectations should be exhausting because they love their jobs, suggesting that if faculty love their job they should not feel exhausted about meeting expectations. Among the participants that referenced reasons why meeting job expectations in engineering can be exhausting included confusion and pressures regarding grading, fulfilling administrative duties, responding to service requests and navigating an outdated system in engineering education. One respondent stated, "trying to be academically rigorous and supportive to the students and somehow getting research done at the same time is completely exhausting" (Respondent 23, Associate Professor, Tier 1, Female, White). Some respondents suggested that the exhaustion derives from their interactions with students who are underprepared and underperforming. One faculty wrote that "many students do not work hard enough" (Respondent 29, Assistant Professor, Tier 2, Female, White) and several faculty members elaborated on the academic rigor of the engineering curriculum. Three respondents referred to the competitive research environment coupled with the pressure to conduct innovative research.
Regarding the "frustrations" experienced by many engineering faculty participants, the challenges with navigating an outdated system in engineering education and the powerlessness that many feel for creating sustainable changes in engineering exist:
I am so completely frustrated with the older generation of professors. They're mostly white, almost all male, and completely uninterested in how to teach better. They refuse to see student struggles as anything but laziness. I was first generation college student -I know what that's like. I get good evaluations, I advise and mentor students, and I bend over backward to make sure their experience is good. But because it feels like I get no credit for it, and previous attempts to advocate for change go nowhere, I don't feel like I can ever make a difference outside of the students I directly interact with. It is difficult to do the right thing. The first step is rejecting the status quo. My anger and shame about the "good ole boys club" in engineering has helped me to fight against it! (Respondent 32, Associate Professor, Tier 5, Male, White)
Discussion
QUAN Findings
In this study, it was found that engineering faculty were able to recognize the presence of hidden curriculum for some scenarios and not for others. For those statements that predominantly identified as HC, faculty recognized that the high demands for engineering (HC #3) and the professional demands of their field, may influence how engineering instructors are perceived regarding their care to students' success (HC #6). This parallels to what the engineering education literature states are the difficult nature of the field [44] [45] [46] [47] [48] [49] [50] . Additionally, regarding instructor care, it appears that there may be a level of awareness from the faculty that students may have a difficult time envisioning this care in engineering education [66] .
We also found that HC awareness paralleled a lot of the emotional responses from participants and among the HC statements and as seen by the regression analysis results. It is possible that the design and presentation of the survey questions may have elicited unconscious or meta-conscious processes that influenced their awareness [24, 25] to some of the HC statements or that it elicited indirect interpretations from the participants [23] [24] [25] 57] . Further work is needed to understand these potential relationships better.
For self-efficacy, most faculties reported high levels of confidence in their ability to succeed despite statements like HC #4 ("Not everyone can be an engineer") suggesting an individuals' internal motivations to persist and belong in such fields (Bonner et al., 2009). However, low levels of self-efficacy were reported for more systemic factors like HC #1 ("Senior faculty in engineering (e.g., tenured professor) deserve higher status, voice, and have more influence that engineering junior faculty). This parallels to what the higher education literature states about the status and power faculty gain with the promotion and tenure process [38] [39] [40] . For self-advocacy, similar results were found compared to the self-efficacy results suggesting that these two factors may be related although additional participants and work would be needed to confirm these relationships in more detail.
In terms of prevalence, gender and institutional types appeared to have the greatest influences among research-intensive institution (Tier 1). It was interesting to find that among the prevalence of responses, Tier 1 (Ph.D. granting) and Tier 4 (M.S. granting) were more closely similar in influence compared to the other tiers. This is a unique finding and one that will warrant further exploration. It will be necessary to include higher representations of other institutions to identify if this trend still stands if other institutional types are represented in higher numbers.
One interesting observation was that neither faculty rank nor race appeared to result in differences among the faculty responses. For faculty rank, it appears that all faculty regardless of their role (e.g., lecturers, associate professors) are privy to the hidden curriculum of their fields in engineering and that these appear to not change regardless of the discipline of engineering that they may be teaching. Regarding race, it is still unclear if race did not play a role in faculty responses or if these perspectives may have been muffled through the dominant perspectives from the White faculty in this study. Again, added participants to this study can help us clarify these in more detail.
Finally, the three hypotheses were partially confirmed in that all faculty were able to recognize some HC in their fields but our findings also suggested that identification of such were highly contextual (institutional type) and gendered but irrelevant to faculty rank (e.g., lecturers, associate professors). The literature points to the differential experiences that women and intersectional women have compared to their male counterparts [67, 68] in engineering [59, 69] . However, more studies are needed to understand the influences the formalization of institutional types had on the HC gained from these women faculty in engineering.
Qual Findings
From the qualitative findings and in response to RQ1, we were able to identify in more detail the lived realities of many of the engineering faculty who responded to this survey. In these, we also confirmed the predominant viewpoints of the inequalities existing for women and intersectional women in engineering in terms of fulfilling the professional expectations from students, peers, and themselves [59, [67] [68] [69] .
While there were many expectations expressed by the engineering faculty, many of them mirrored those found across institutions of higher education [38] [39] [40] . However, other field-specific nuances were identified. For example, many engineering faculties indicated attaining accreditation (e.g., ABET) was a characterizing factor of their success as educators. ABET is the leading accreditation that dictates the expectations of the education and training of engineering as is the main agency that faculty and administrators respond to in order to meet the increasing demands of the field [69] . Additionally, the need for rigor in the engineering education curriculum and the level of skill and preparedness of the student in the classroom was also referred to as important by the faculty. This finding parallels what engineering education researchers have referred to as the meritocratic nature of the discipline [44] [45] [46] [47] [48] [49] [50] 69] . As Stevens and colleagues [69] have suggested, "one of the most significant implications of the meritocracy of difficulty in engineering is how it led engineering students to distinguish themselves from students in other majors and to place their discipline in a clearly superior position to others." ([69] , p. 1). It appears that some engineering faculty are mirroring this belief. Additional work is needed to explore this phenomenon further.
One encouraging finding was in the recognition from some faculty, across institutional types and faculty ranks, to advocate and encourage others for changing the status quo of engineering education. It appears that there is an overall sentiment that the system in engineering education has not changed in over a century (e.g., Respondent 32, Associate Professor, Tier 5, Male, White) and that personal and classroom changes through their roles as instructors (e.g., Respondent 34, Assistant Professor, Tier 5, Male, White) can help effect this change. Self-advocacy or a person's willingness to take action and speak up about a matter to improve their quality of life [35] cannot occur without individuals having the motivation or desire to take control over their immediate situation or environment. It appears that for some engineering faculty, this sense of advocacy is becoming an integral component of their professional roles and responsibilities.
Limitations
This special issue study was conducted on 55 engineering faculty across different institutions of higher education but the perspectives of multiple faculties within the same institution were not explored. This would have allowed for a more granular study to explore potential similarities or differences between faculties within similar professional environments. Furthermore, more questions of the professionalization of engineering disciplines (e.g., mechanical engineering versus biological engineering) could have provided additional domain-and context-driven of the HC statements and perspectives analyzed in this work.
While it is not the belief that the findings are generalizable as HC is dependent on the individual, the situational, and the contextual [1] [2] [3] [4] [5] [6] [7] [8] , the findings of this work can help readers to understand how faculty are, or were, influenced by HC. Even though the results of this work may not represent the findings that were attained from the fully validated instrument, they represent the initial interpretations of faculty to our questions during the process of validation. Future studies will compare and contrast the findings from this study on engineering faculties and other participant groups (e.g., graduate students, undergraduate students, etc.) when data from the fully validated survey is analyzed [21] .
Regardless, the findings from this special issue study can begin to shed light into the perspectives and mechanism by which engineering faculty understand HC, which may help scholars to see and understand the lived realities of many of these professionals.
Conclusions and Recommendations
The findings of this special issue study suggest a possible influence gender and institutional type in the beliefs, values, and attitudes that faculties carry about the HC in engineering. We also found that while some faculties are interested or are using their current roles to advocate on issues of engineering to their students and peers. However, some of the challenges for this action appear to relate to issues of gender and intersectionality, as well as race and institutional type.
From this work, the authors encourage the readers and, in particular, researchers and administrators, to conduct similar types of hidden curriculum studies internally at their institutions and colleges of engineering to explore the dynamics of the professional environments that different faculties are a part of. The authors call for a closer examination to the degree by which institutional resources are responding to the intersectional experiences of faculty (e.g., unequitable workloads for minoritized faculty). Finally, the authors encourage that for all faculty (tenure and non-tenure track), career trajectories and promotional paths become clearer to ensure transparency in evaluation processes.
Implications
This study has several implications. The first is that through a mixed-method, hidden curriculum approach, more awareness on the professional needs of each institutional type can be elevated. Second, the need for more individually-and culturally-responsive resources and interventions in engineering are presented. The findings of this special issue study purposed readers to reflect upon the connections that mechanisms such as emotions, self-efficacy, and self-advocacy can play in empowering and enabling all members of an academic engineering faculty group to participate in an equitable and safe environment. Finally, the techniques used in this work (i.e., decision tree) introduces a new way to handle complex datasets such as these and use them to more deeply inform the research and educational communities on the influences that professionalization of engineering faculty can have in their experiences at their colleges and institutions. 
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